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Abstract

The growing volume of clinical patient data offers unique opportunities for understanding diseases using Real
World Data (RWD). However, standardized storage, discovery, and access methods that preserve patient privacy
are crucial. OHDSI’s Observational Medical Outcomes Partnership Common Data Model (OMOP CDM) has
become a widely used standard for organizing and analyzing healthcare data in an interoperable format, enabling
large-scale observational research. Beacon v2, an open-source data discovery protocol, facilitates secure data
discovery across institutions by querying OMOP CDM databases in a federated manner. Developed under the
Global Alliance for Genomics and Health (GA4GH), Beacon v2 supports interoperability while protecting patient
data. Beacon v2 is built on two core concepts: the Framework, which defines query mechanisms, and the Model,
which structures the data. This decoupling allows flexibility in integrating various data sources like OMOP CDM
or HL7 FHIR. Beacon v2 leverages ontologies to perform queries, enabling harmonization at the API level without
altering underlying databases. A new Beacon v2 Production Implementation (B2PI) simplifies its deployment,
especially for clinical datasets, and a specialized Beacon4OMOP extension aligns OMOP CDM data with Beacon
models. Approved as a GA4GH standard in 2022, Beacon v2 enables parallel querying of unified networks of
biomedical centers, returning aggregated responses while maintaining privacy. This federated approach enhances
collaboration, ensuring interoperable and reusable data discovery. By integrating OMOP CDM databases, Beacon
v2 supports better decision- making in healthcare and improved patient outcomes through secure and efficient
data utilization.
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1. Introduction

The increasing volume of patient data generated in clinical context represents an unique opportunity
to further understand diseases using Real World Data (RWD). However, before using this data for
research purposes, there is an urgent need for standardized ways to store, discover, and access it while
preserving patient privacy. OHDSI (Observational Health Data Sciences and Informatics) has become
a key stakeholder in the use and reuse of health data at large scale. Indeed, one of the widely used
approaches for organizing patient data in an interoperable format is the Observational Medical Outcomes
Partnership Common Data Model (OMOP CDM1) which is an open community data standard led by
OHDSI. OMOP CDM enables observational data to be converted into a standardized database structure
for organizing and analysing healthcare data from different sources. OMOP CDM facilitates large-scale
observational research and easy integration with tools and formats. Beacon v22 is an open- source data
discovery protocol that can query OMOP CDM databases and allow the presentation of the underlying
data in a federated manner, thus enabling secure and efficient data discovery across institutions. Beacon
v2 is an accepted standard of the Global Alliance for Genomics and Health (GA4GH3), which is an
organization that aims to facilitate secure use of genomic and other related health data by supporting
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the development of technical standards and tools. Moreover, Beacon v2 supports security protocols that
enable clinical data owners to navigate the delicate balance between data interoperability, accessibility
and patient data protection.

2. Methods

Beacon v2 is built around two core concepts: the Framework (i.e. the syntax) that describes the
mechanisms of queries and parsing the responses, and the Model (i.e. the semantics) that provides
the structure for the data model. This decoupling of the Framework from the Model allows flexibility
in the data type and integration with various data sources, such as OMOP CDM or HL7 FHIR. While
being a discovery standard by itself, Beacon v2 is built upon other GA4GH standards. The phenotypic
data model is largely built on the Phenopackets4 ontology framework, whereas the representation of
genomic variation is tightly linked to the VRS1.35 format.

Beacon v2 largely leverages the use of ontologies to perform the queries, and the specification itself
includes suggestions. Every beacon instance declares which ontology terms are accepted in the queries.
The use of ontology terms is independent of the actual terminology used in the database Relying on
ontology terms allows beacon instances to include and accept synonym terms, e.g. a beacon could
accept both the terms “PAT0:0000383 - female” or “UBERON:0003100 — female organism” and translate
it to the same OMOP concept. This is the basis for harmonizing at source but without requiring the
transformation of database entries, just in doing and applying the mapping at the Beacon API interface
level.

The implementation of Beacon v2 API requires a higher level of technical expertise, while a recently
released (Oct 2024) ‘out-of-the-box’ implementation (Beacon v2 Production Implementation, B2PI6)
offers an easier approach for ‘beaconizing’ biomedical datasets, particularly in clinical entities. Moreover,
a data model extension, Beacon4OMOP7 has been developed for B2PI application that integrates with
any OMOP-CDM database. Expert mapping between OMOP CDM and Beacon models ensures alignment
of items such as diagnoses, treatments, lab results, exposures, and biological sample data.

3. Results

The largest utility of data discoverability is achieved with a unified network of biomedical centers
contributing to the benefit of research and patient healthcare. Following its approval as a GA4GH
standard in 2022, Beacon v2 discovery protocol has been widely accepted and integrated into unified
networks of biomedical centres by consolidating individual beacon instances under a central Beacon v2
API. This central node allows parallel querying of all Beacons and returns an aggregated response via a
unified user interface. This facilitates discoverability of the clinical data stored in OMOP CDM, while
ensuring patient privacy.

4. Conclusion

Beacon v2 represents a secure federated data discovery approach that fosters interinstitutional collabo-
ration and research. By incorporating OMOP CDM databases into unified Beacon networks, data is
discovered in an interoperable and reusable way while giving data owners full control over the access
and security measures. With the improved data infrastructure, better decision-making in healthcare
institutions can be achieved, thus ultimately returning the benefits to the patients themselves
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